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INTRODUCTION 


II ACM. KOI  Ml 

I.  Based  upon  an  Equipment  Impiovemenl  Repoil  (MR)  submitted  in 
February  I c>7 7 (rel  l.app  A),  the  I )cpai Inn  ul  ol  ihe  Army  has  expressed  concern 
about  the  capability  of  U-21  air 1 1 a ( ( painted  with  low  refleetive  (I.K)  paint  (<> 
safely  operate  in  an  icing  environment  In  response  to, the  I IK.  the  United  Slates 
Army  Aviation  engineering  Might  At  tivitv  (USAAI  I A)  was  requested  by  the 
United  States  Army  Aviation  Systems  Command  (AVSCOM)  to  conduct  a 
safely-of-flight  evaluation  of  the  icing  characteristics  of  a U-21  A airplane  painted 
with  I.K  paint  (ref  2). 


TEST  OBJECTIVE 

2.  The  objective  ol  the  evaluation  was  to  compare  ice  accretion  and  shedding 
characteristics  of  a U-21  airplane  painted  with  I R paint  as  compared  with  a U 21 
airpiane  panned  wiiri  high  gioss  paint.  Tins  was  a preliminary  test  to  determine 
if  a comprehensive  icing  evaluation  was  necessary 


DESCRIPTION 

3 The  test  U-2IA  aircraft.  SN  r»f>- 1 X< )( )H  (photos  I and  2.  app  B).  was  painted 
with  I K paint  (MIL.-L.-4bl  5‘M  at  Sharpe  Army  Depot,  California,  in  June  1**75 
The  aircraft  used  for  comparison  was  a Jll-211)  aircraft,  SN  b8-l8l()7  (photos  3 
and  4)  The  comparison  aircraft  was  painted  with  high  gloss  lacquer  (Mll.-C  81  773) 
With  the  exception  of  the  paint,  both  aircraft  external  configurations  wen. 
essentially  the  same.  A detailed  description  of  the  U-21  aircraft  is  contained  in 
the  operator's  manual  (ref  3.  app  A) 

tesi  scon: 

4.  The  icing  tests  of  the  U-21  aircraft  were  conducted  in  natural  icing  conditions 
at  the  Seattle.  Washington,  area  Irom  24  February  through  10  March  I ‘*77.  Twenty 
test  flights  consisting  of  8.1  productive  llight  hours  were  conducted  during  the 
evaluation,  lest  flights  were  made  in  trace,  light,  and  moderate  icing  conditions 
Definitions  of  icing  severity  levels  are  contained  in  appendix  ('. 
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Tl  ST  Ml  TIIOhOMK^ 

5 Till’  two  aircraft  wete  flown  at  the  same  altitude  and  airspeed  in  a trail 
formation  with  a 'mile  separation  maintained  between  alieiall  to  ensure  exposure 
ot  both  aircraft  to  the  same  icing  eondilioiis  I Ik1  ^ mile  separation  was 
accomplished  with  the  assistance  ol  a radai  controller  on  the  ground  and  the 
installed  TACAN  navigational  radio  (AN/AKN-MM)  in  each  aircraft 

f>  Photographic  documentation  ol  ice  accumulation  and  use  ol  aircraft  deicing 
equipment  was  coordinated  by  radio,  f light  test  data  were  recorded  on  a magnetic 
tape  voice  recorder  and  on  hand  held  data  forms  A detailed  description  ot  lest 
instrumentation  and  special  equipment  is  contained  in  appendix  I).  Photos  5 
and  b.  appendix  IT  show  the  Roscinounl  ice  accretion  indicators  and  sensitive 
outside  air  temperature  indicators  Use  ol  the  anti-icing  equipment  was  in 
accordance  with  the  operator's  manual. 


3 


RESULTS  AND  DISCUSSION 


<;i  M U \l 

7.  A limited  compaialive  evaluation  ol  two  l '-7 1 airplanes  m nutiii  I him 
conditions  was  conducted  lie  accumulation  cliaracleristus  were  evaluated  t" 
determine  il  there  was  a significant  difference  in  iee  accumulation  between  an 
aircraft  painted  with  1 H paint  and  one  painted  with  high  gloss  lacquer  Opeiahon 
of  the  anti-iee/deice  equipment  on  both  aircraft  was  also  evaluated 

X The  icing  tests  revealed  no  discernible  dillerenee  in  ice  aeeumnlation  or  the 
elleets  ol  ice  accumulation  between  the  Iwo  aircraft.  The  1 1-7 1 airplane  ran  b 
safely  llown  in  trace.  light.  and  moderate  icing  conditions  Al  constant  powei  in 
airspeed  loss  ol  20  to  70  knots  should  be  expected  with  flight  m moderate  icme 
conditions  regardless  ol  paint  configuration.  lour  shortcomings  wer 
identified:  ineffectiveness  ol  the  deice  boots  with  rime  ice  accumulation  inability 
ol  the  engine  air  inlet  anti-ice  sy  stem  lo  prevent  formation  of  ice  on  the  lip  bools 
lack  ol  a prcllighl  lest  for  the  engine  inlet  anti-ice  system ; anil  lack  of  anti-ice  deice 
capability  for  the  wing  area  outboard  ol  the  pneumatic  boots.  The  operator's 
manual  should  he  amended  so  ih.it  pilots  are  a ware  of  the  characteristic  air  speed 
loss  and  the  large  ice  accumulation  on  the  wing  tips,  future  tests  should  evaluate 
engine  performance  with  inlet  ice  accumulation  and  use  ol  the  landing  lights  to 
anti-ice/deice  the  wing  area  outboard  ol  the  pneumatic  deicing  boots. 


AIKSPKKD/POWI'.K  III  I ( ITS 

l>.  The  two  U-21  aircraft  were  llown  in  trace,  light,  and  moderate  icing  conditions 
at  entry  airspeeds  ol  140  and  170  knots  calibrated  airspeed  (k(  AS).  At  140  M AS 
power  was  increased  lo  prevent  aiispced  from  decreasing  further  and  the  pneumatic 
deicing  boots  activated  to  clear  the  ice  on  the  leading  edges  ol  the  wings.  The 
tests  at  170  KCAS  were  performed  using  two  methods.  Initially,  power  was  added 
to  maintain  170  MAS  On  a second  lest,  airspeed  was  allowed  to  decrease  while 
holding  power  constant 

10.  With  constant  power  lor  170  KCAS  in  level  flight,  an  ice  accumulation  ol 
0.5  to  I inch  on  the  leading  edges  of  the  deicing  boots  resulted  in  a 20-  to  70-knot 
loss  in  airspeed.  At  this  same  ice  accumulation  level,  170  KC’AS  could  be 
maintained  with  full  power  applied  to  both  engines.  Photos  7 and  X,  appendix  b. 
show  an  ice  accumulation  of  approximately  I inch  on  the  leading  edges  ol  the 
pneumatic  deicing  boots.  After  activation  of  the  boots,  the  power  required  for 
level  flight  was  reduced.  The  effectiveness  of  the  deicing  boots  is  further  discussed 
in  paragraph  17.  To  prevent  unnecessary  concern  on  the  part  of  the  flight  crew 
the  following  NOIT  should  be  incorporated  in  the  operator's  manual: 


M const. ml  powvi  .hi  an  speed  loss  < >1  ’()  to  >0  knots 

c.m  he  expected  with  llighl  in  model, lie  icing  conditions 


W I I ICI  /III.ICI  1.0 1 IPMIM 

II  I lie  1-21  meorpomles  elei  liollienn.il  systems  lor  anti-icing  mil  deicing  tli 
windshield,  pilot  luhe.  si. ill  warning  v.nie,  pmpeller  hhnles.  engine  nil  inlet  lip  hoop, 
and  I'tiel  vents  I’neinn.iln  hoots  .nr  incorporated  lor  deicinp  the  le.nlitip  edpes 
ol  the  outer  wing  (oiitho.ird  ol  the  engine  micelle  lo  50  niches  short  ol  the  wing 
tips),  anti  the  vertn.il  and  horizontal  stabilizers 

12.  During  the  tests,  the  procedure  used  lor  anti-icing  and  deicinp  was  lo  turn 
on  all  electrical  anti-ice  and  pmpeller  deice  switches  prior  to  enteiing  icing 
conditions,  l or  test  purposes  the  pneumatic  hoots  were  used  at  different  stapes 
ol  ice  accumulation.  In  one  test  the  hoots  were  activated  when  ice  accumulation 
had  reached  approximately  0.5  inch,  and  in  another  test  the  hoots  were  not  used 
untd  airspeed  (140  M AS)  could  not  he  maintained  with  maximum  allowable 
power  from  both  engines  (approximately  2 inches  of  ice  accumulation  on  t h 
leading  edge  of  the  wing). 

Id.  The  effectiveness  of  the  pneumatic  hoots  differed  with  the  type  ol  ice  that 
accumulated  on  the  wing.  With  rune  icing  the  hoots  did  not  adequately  clear  the 
ice.  Photo  l>.  appendix  B,  depicts  rime  ice  accumulation  prior  to  activation  ol 
the  hoots  Photo  10  shows  the  wing  alter  the  hoots  were  activated.  Repeated  use 
of  the  hoots  (six  attempts)  did  not  significantly  clear  more  ice.  With  clear  or  mixed 
icing  the  hoots  were  effective  and  ice  was  cleared  hy  one  application  of  the  boots 
The  landing  lights  were  used  in  one  attempt  (approximately  I minute)  to  clear 
the  large  ice  huild-up  on  the  wing  tip.  In  the  short  period  the  landing  light  was 
used  the  ice  did  not  shed  from  the  wing  tip.  In  any  future  11-21  icing  tests,  the 
possibility  ol  anti-icing/deicing  the  wing  area  outboard  of  the  hoots  by  use  ol 
the  landing  lights  should  be  investigated.  The  ineffectiveness  of  the  deice  boots 
with  rime  ice  accumulation  is  a shortcoming. 

14.  Photos  I I and  12,  appendix  If,  show  ice  accumulation  at  the  engine  air  inlet 
lip  boots.  Although  this  area  incorporates  electrothermal  deicing  and  was  in  use 
at  the  tune  this  photograph  was  taken,  ice  still  formed  on  the  lip  boots.  The  air 
inlet  boots  were  checked  by  maintenance  personnel  and  found  to  he  operational. 
Ice  formation  on  the  engine  air  inlet  lip  boots  was  typical  for  both  aircraft.  The 
inability  ol  the  engine  air  inlet  anti-ice  system  to  prevent  formation  of  ice  on 
the  inlet  lip  boots  is  a shortcoming. 
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15  Che  lack  «>l  .1  piv' tlii’li I li  st  > .ipuhihK  Ini  ih  uuiiii'  hi  mlrl  lip  hoi 1 1 mli  uv 
system  could  icstill  in  flight  into  uing  i midilion , without  anti  icing  ol  lb  inlet 
lip.  The  lack  ol  an  engine  lip  b<»>l  .ml i-it  • lem  prcllighl  test  is  a shoilommg 

I (i  Ice  accumulation  ami  patterns  ol  ucumul.ilion  were  I lie  same  loi  both  uieialt 
except  lor  ice  formation  on  the  windshields  I he  I K-pumtcd  am  l ilt  incorporated 
a windshield  electrothermal  anti-ice  system  The  M -21 1 ) with  high  gloss  paint  had 
an  unheated  windshield  and  could  onlv  use  delrosl  air  to  prevent  windshield  icing 
With  use  ol  the  electrothermal  system  onlv  a small  amount  ol  ice  lormed  on  the 
windshield  (photos  15  and  14.  epp  Id.  and  most  ol  (lus  ice  was  in  the  ire  a ol 
the  windshield  wipers.  Although  eonsideiuMv  more  ice  formed  on  the  unhealed 
windshield,  the  defrost  air  did  maintain  an  area  ol  the  windshield  i leal  that  was 
sufficient  for  landing  the  aircraft.  One  test  was  conducted  aftei  application  ol 
ice-phobic  material  to  the  windshield  The  purpose  of  this  test  was  to  determine 
it  ice-phobic  material  would  prevent  ice  from  lormingon  the  windshield  or  enhance 
natural  sheddu  •’  Although  icing  conditions  were  not  encountered  on  this  High  I . 
further  use  ol  the  ice  phobic  material  was  discontinued  when  the  pilot  complained 
ol  reduced  visibility  and  distortion 

17.  When  ice  accumulation  reached  an  approximate  depth  ol  7 inches,  the  aircialt 
could  not  maintain  level  tliglit  at  140  KC'AS  with  maximum  power  Photo  IS 
a pperuiix  it.  depii  fs  the  a m iaii  with  an  ice  acciiniuiation  oi  7 indies.  Aiiei  iue 
pneumatic  hoots  were  activated  powei  ie<|iiiremcnts  were  greatly  reduced.  However, 
because  ol  the  ice  build-up  on  surfaces  that  do  not  have  an  anti-ice/deiee  capability 
the  power  required  alter  activation  of  the  pneumatic  hoots  was  still  increased  over 
that  for  the  initial  entry  conditions 

ICE  VCCI  M l I . ATION  Cl  I AIC\(  I f It  IS  I K S 

IK.  The  aircraft  surfaces  that  collected  ice  during  the  tests  were  generally  leading 
edges,  ic , leading  edge  of  wings,  propeller  spinners,  rarlome.  and  radio  antennas. 
Photos  l(i  through  25.  appendix  If,  depict  the  areas  of  the  majority  of  ice 
accumulation.  There  was  some  ice  accumulation  inside  the  engine  inlet  (photo  24) 
This  photograph  was  taken  after  the  aircraft  had  landed  and  shut  down, 
approximately  20  minutes  after  leaving  freezing  temperature  conditions.  Because 
of  the  time  delay,  an  unknown  quantity  of  ice  had  melted  before  the  photograph 
was  taken.  Since  ice  vanes  are  incorporated  to  prevent  ice  from  entering  the  engine, 
the  problem  of  ice  formation  may  be  one  of  reduced  airflow,  rather  than  ice 
ingestion,  further  testing  should  be  accomplished  to  determine  the  effects  of  ice 
accumulation  inside  the  engine  inlet  and  to  determine  the  effectiveness  ol  the  ice 
vanes  in  preventing  foreign  object  damage. 
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I')  A Mlhsl.mli.il  iiuniml  nl  it  c ( appi  n\ nua  lelv  h inches  thick  .111(1  fi  illi  Ill's  Ini'lil 
u t iiliml.ik'tl  (iiilhn;inl  ol  1 1 1 • pm  aimalit  bools  This  huge  hinl(l-ll|i  nl  itf  is  shown 
III  pliolos  :s  .Mill  .Vi  1 1 pi  >< ' 1 1 1 1 1 X It  I luollglloul  1 1 If  Icsls  tills  large  block  nl  III 
tell  I mm  llio  airmail  piim  In  landing  Should  such  a large  piece  nl  ice  kill  in 
.1  populated  area,  the  tesiill  could  he  damage  to  properly  and/ni  hndilv  m|tn\ 
rile  lack  nl  anti-ice/deice  capability  Ini  the  wing  area  out  hoard  ol  the  pneiiin.it  it 
hoots  is  a shortcoming 

'().  On  one  occasion  a small  amount  ol  ice  lormed  m streaks  behind  the  wing 
pneumatic  hoots  | he  small  slnaks  were  a resull  nl  run  hack  caused  by  flying  in 
freezing  rain  Because  ol  the  small  aica  and  amount  of  runhack.  the  clear  ii  e streaks 
are  considered  insignil leant  Kmih.it  k is  a characteristic  ol  freezing  rain  wlmh 
generally  does  not  exist  Ini  long  penods.  is  usually  confined  to  small  geograplu 
areas,  ami  is  normally  preiln  table  del  4.  app  A),  therefore,  no  further  study  ol 
runhack  was  made 
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CONCLUSIONS 


CKMUAI 

21.  The  U-2IA  airplane  with  I K paint  can  he  safely  flown  in  light  to  modern 
ieing  conditions. 

22.  The  I R paint  does  not  significantly  alleel  the  ice  accumulation  characteristics 
of  the  U-21  airplane. 

23.  In  moderate  icing  conditions  al  constant  power,  airspeed  will  he  reduced  In 
20  to  30  knots 

24.  lour  shortcomings  were  identified. 

siioimoMiNcs 

25.  The  following  shortcomings  were  identified 

a.  Ineffectiveness  ol  the  deice  hoots  with  rime  ice  accumulation  (para  I f> 

h Inability  ol  the  engine  an  inlet  anti-ice  system  to  prevent  formation  ol 

ice  on  the  engine  inlet  (para  14). 

c lack  of  an  engine  inlet  lip  hoot  anti-ice  system  pre flight  test  (para  15) 

d 1 ack  of  anti-ice/deice  capability  for  the  wing  area  outboard  ot  the 

pneumatic  hoots  (para  4). 
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RECOMMENDATIONS 


20  Mu'  shortcomings  should  he  coi leded. 

27  future  H-2  I icing  lots  should  investigate  the  use  ol  landing  liglits  lor  anti-icing 
or  deicing  (lie  wing  urea  outboard  "I  the  pneumatic  hoots  (para  X) 

2X  Conduct  further  testing  to  determine  the  effects  of  ice  accumulation  inside 
engine  inlets  and  determine  the  el ledivcness  ol  the  engine  ice  vanes  in  preventing 
foreign  object  damage  (para  IX) 

20.  Incorporate  the  billowing  NO!  I m the  operator's  manual  (para  10) 

NOTK 

At  constant  power  an  airspeed  loss  of  20  to  d()  knots 
can  he  expected  with  flight  in  moderate  icing  conditions. 
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I Equipment  Improvement  Kcpoit.  Sbtli  Aviation  Company.  Al’O  NY  OlK)28. 
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2.  Message.  AVSCOM.  DKSAV-I  ol,  I12035Z  February  1 ‘>77.  subject  lest 
Request  No  77-05,  low  Kellective  IK  Fainted  U-21  Icing  Evaluation. 

3.  Technical  Manual.  IM  5S- 1 5 It)  200-1 0/ 1 . Operator's  Manual.  A rim  Model 
0-2 1 A.  RU-2IA.  and  RD  'ID  Mnralt.  I August  I ‘>72. 

4 Technical  Report.  IS  Aims  A 1 1 Mobility  Research  and  Development 
Laboratory.  Report  No  S’HK.  hi  I’mlci  lion  Investigation  for  Advanced  Rolan 
Wing  Aircraft . August  I ‘>73 


Photo  2.  Kiglit-Sirii*  Hear  Oiiarter  View,  1-21A  Test  Aircraft. 
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Photo  4.  Left-Side  Hear  Quarter  View,  Jll-211)  Aircraft. 


I 


12 


Photo  7.  Approvimatch  One  Inch  of  Ire  \ccnmiil.itcd  oil  I, fading  K.dge 

of  Win®  of  Test  Aircraft. 


&T-  >*>4- 


Plioto  8.  Approximately  One  Inch  of  Icc  Accumulated  on  heading  hdgr 
of  Wing  of  Standard  Aircralt. 


I 


I 
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Photo  10.  Rime  Ice  After  Activation  of  Wing  Deicer  Boot* 
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Pliolo  II.  Ilirnc  Ire  \rniimil.ilniii  on  I n^uir  \n  1 1 1 1 <■  I \nli  ire  lip  Hoot. 


Photo  16.  Right-Side  Front  Quarter  View  of  Tent  Aircraft 
with  Rime  lee  Arenniulation. 
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Photo  17.  Right-Side  View  of  Test  Aircraft 
with  Glime  Ice  Accumulation. 


Photo  18.  Rirht-Side  Nose- Section  View  of  Test  Aircraft 
with  Glime  Ice  Accumulation. 
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Iliolo  19.  Right-Wing  Loading  L.dgo  of  Test  Aircraft 
with  (dime  loo  Aonninilalion. 


Iliolo  20.  K icli t - W iiijj  and  Lmponnago  id'  Toni  Aircraft 
with  (dime  loo  Aoonrinilalion. 
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Photo  22.  Left-Wing  Outer  Section  of  Test  Aircraft 
with  (ilinic  Ice  Accumulation. 
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Photo  2o.  Wingtip  ot  Tost  Aircraft  with  Kimo  Ico  Xccumuhilion. 


Photo  26.  Wingtip  of  Tost  Aircraft  with  Kimo  Ico  Accumulation. 
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APPENDIX  C.  ICING  SEVERITY  DEFINITION 


1 r race  Icing  I lie  presence  ‘>1  ice  can  Ire  visually  ifeleeleif  on  airlram 
projections  with  the  rale  ol  aecietjon  nearly  Iralanceil  In  the  rate  ol  sublimation 
Not  considered  hazardous  unless  cnconnte’ed  lor  an  extended  period  of  time  flic 
use  ol  anti-iee  erpupmeut  is  necessary  and  the  use  ol  deicing  e<|iupmenl  is 
unnecessary . 

2 I ight  Icing  I lie  rate  ol  ice  accretion  is  sufficient  to  create  a hazard  il  I huh  I 
is  prolonged,  but  insufficient  to  make  diversionary  action  necessary  . The  use  ol 
anti-ice  equipment  is  necessary  and  the  occasional  use  ol  deicing  equipment  m.r 
be  necessary  . 

v Moderate  Icing  A condition  where  the  late  ol  ice  accretion  is  cxccssn. 
making  even  short  encounters  under  these  conditions  hazardous.  Immedia! 
diversion  is  necessary  or  the  use  ol  anti-icing  and  deicing  equipment  is  mandatory 

4.  Me  avy  Icing  Under  these  conditions  the  anti-icing  and  deicing  equipment  lad 

to  reduce  or  control  the  ice  accretion  hazard  and  an  immediate  exit  from  the 

. .1.. 

Ik  1 1 I kWIIUItlk’ll  I.'I  I I 111  I I kill  I v)  IV  . 

5.  Kune  An  opaque  ice  formed  In  the  instantaneous  freezing  ol  small 

supercooled  droplets 

r>  Clear  A semitransparent  ice  formed  by  the  slower  freezing  ol  lareei 

supercooled  droplets 

7.  (dime:  A mixture  ol  clear  ice  and  rime  ice  which  is  very  common. 

X.  Ice-I’hobic  Material  A chemical  substance  that  is  used  to  reduce  the  adhesion 

of  ice  to  the  coated  surface  ol  aircraft. 
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APPENDIX  D.  INSTRUMENTATION  AND 
SPECIAL  EQUIPMENT 


INSTRl  Ml  M VI  ION 

I.  The  test  .11 1 era  It  instrumentation  which  replaced  nr  augmented  the  standard 
aireratt  instrumentation  is  listed  below  In  addition  to  the  special  instrumentation 
selected  standard  instrumentation  such  a amine  torque,  propeller  speed  etc.  was 
calibrated  prior  to  the  start  of  the  evaluation.  All  instrumentation  was  installed 
and  maintained  In  USAAI  I A.  The  sensithe  total  temperature  probe  and  ice 
detector  element  are  shown  in  photos  4 and  5.  appendix  It 

Airspeed  (ship's  system) 

Altitude  (ship's  system) 

Total  air  temperature  (heated  test  system) 

Ice  detection  system 

SIM-.C.IAI,  I.QI  II’MI.M 

2 Both  aircraft  were  equipped  with  the  Kosemount  series  87l  ice  detectors 

'I'jio  s\  ii i wijs  used  to  iMviisitiv  •!)■'  ivv  M'VcTit’v  r;ite  ‘mJv!?  .t*>  tiiivV  Imfit  .v» | .v 
and  not  accretion.  The  scries  X7I  ice  detector  uses  an  axialh  vibrating  sensing 
element  frequence  sensitive  to  mass  (ice)  buildup.  When  ice  builds  on  the  sensing 
element,  the  added  mass  decreases  the  reference  resonant  frequency.  This  frequenes 
is  compared  with  a stable  reference  frequency  and  when  the  frequency  shill  reaches 
a preset  level  an  icing  rate  signal  is  given.  When  the  icing  signal  is  given,  the  clement 
is  heated,  deiced,  and  a new  cycle  is  started.  The  frequency  ol  the  cycle  is  direeth 
related  to  the  rate  ol  icing  intensity  or  severity.  The  system  was  calibrated  b\ 
Rosemount  in  their  icing  wind  tunnel  prior  to  the  evaluation  The  cockpit-mounted 
icing  rate  indicator  is  shown  in  photo  21  of  appendix  It. 
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